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Abstract
Building stone, its deposits, its extraction, and its use represents an element that may be considered a bridge between cultural 
and natural heritage of a given area. The research on building materials includes numerous aspects such as geological and 
geomorphological settings of the deposits, cultural aspects, overlaps with geoconservation efforts and urban geotourism devel-
opment. The case study from Brno (Czech Republic) presents examples of building stones used in the city with an emphasis on 
Crinoidea Limestone and Old Red Conglomerate and Sandstone. These materials have been extracted since Middle Ages and 
they have left an imprint in the identity and look of the city. Both extraction sites and building stones present several mutually 
interconnected aspects, including the specifics of the deposits, history of mining, use of the stone in architecture, its impor-
tance within archaeological and historical research, its reflection in toponyms, the importance of old quarries (landforms) for 
geoconservation and their role in urban development. Based on the research and assessment of extraction sites, geotourist and 
geoeducational activities are designed with an emphasis on the complex promotion of natural and cultural heritage. Proposals 
for the activities which could be available even during the times of social distancing are also outlined.
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Introduction
Heritage is a broad concept, which includes the natural as 
well as the cultural environment and it encompasses land-
scapes, historic places, sites and built environments, as well 
as biodiversity, collections, past and continuing cultural prac-
tises, knowledge, and living experiences (ICOMOS 1999). 
The integrated view on heritage (natural heritage, respec-
tively geoheritage and cultural heritage) and its conservation 
and promotion is currently emphasised by numerous authors 
(Coratza et al. 2016; Goemaere et al. 2016; Reynard and 
Giusti 2018; Gordon 2018; Boukhchim et al. 2018; Scarlett 
and Reide 2019). Within geotourism activities, this approach 
is usual as it helps to understand the relationships between 
different elements of the landscape and complexity of an 
area (Dowling and Newsome 2018; Gordon 2018). A holis-
tic view on landscape and heritage significantly contributes 
to the acceptance of the conservation needs and sustainable 
management of specific heritage sites and objects (ICOMOS 
1999; Larwood et al, 2017; Gordon 2018).
On the international level, first concepts of heritage 
which emphasised the conservation aspects appeared in the 
1960s in The Venice Charter for the Conservation and Res-
toration of Monuments and Sites (ICOMOS 1964), but they 
were rather monument-oriented and focused on cultural 
heritage. In 1972, UNESCO presented the Convention con-
cerning the protection of the world cultural and natural her-
itage, where both types of heritage are defined (UNESCO 
1972). Generally, cultural heritage is defined as “an expres-
sion of the ways of living developed by a community and 
passed from generation to generation including customs, 
practises, objects, artistic expressions, and values” (ICO-
MOS 2002). Geoheritage, according to Dingwall (2005), 
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is defined as those components of natural geodiversity of 
significant value to humans, including scientific research, 
education, aesthetics and inspiration, cultural development, 
and a sense of place experienced by communities. So-
called mixed heritage is defined in Operational Guidelines 
for the Implementation of the World Heritage Convention 
(UNESCO 2017) as “properties that satisfy a part or the 
whole of the definitions of both cultural and natural herit-
age laid out in Articles 1 and 2 of the Convention”.
Concerning geotourism development, the current 
approach also emphasises this multidisciplinarity, which 
is reflected both in the Arouca Declaration (2011) and 
recent definitions of geotourism (e.g., Martini et al. 2012; 
Dowling and Newsome 2018). It is generally assumed that 
mutual relationship can bring more understanding and 
acceptance of conservation proposals and generally, more 
appreciation of the landscape (Gordon 2018). Larwood 
et al, 2017) consider the connections between culture and 
nature complex and profound and present evidences based 
on the case studies why the understanding and protection 
of cultural and natural heritage should be approached in 
an integrated way.
Building stone, its deposits and its use in local and 
regional architecture (or cultural heritage) can represent such 
a bridge between natural and cultural heritage. The herit-
age importance of building stones has been already recog-
nised (Bennett et al., 1996; De Wever et al. 2017; Brocx and 
Semeniuk 2019; Pereira and Van den Eynde, 2019) and the 
role of the building stones in geotourism and geoeducation 
especially in urban areas has been supported by numerous 
papers (e.g., Robinson 1982; Liccardo et al. 2012; Palacio-
Prieto 2015; Reynard et al. 2017; Del Lama 2019). Thus, the 
importance of building stones in heritage protection, geo-
tourism and geoeducation is indisputable and an integrative 
view on geology, geomorphology, history, and architecture 
is desirable for developing geoeducational and geotourist 
activities with respect to heritage values and geoconser-
vation (Corbí et al. 2019). The research on building stone 
has also links to the research in the domains of history and 
archaeology (Bonomo et al. 2019; Marengo et al., 2019), 
as it allows the dating of the buildings, their construction 
phases and general placement in a space–time framework.
Thus, based on the abovementioned, importance of 
research on building stone can be summarised as follows:
1) as it focuses on the geological and geomorphological 
settings of the deposits or extraction sites, the history of 
mining and human influence on the relief and landscape 
in general, it can be seen as one of the bases for geocon-
servation efforts (Prosser 2019),
2) some stones or geo-materials are related to the regional 
identity or they are of great importance for heraldry (Gor-
don 2018; da Silva 2019),
3) use of local building stone in architecture and con-
struction enables both locals and visitors to look at the 
monuments and other objects (simple buildings, walls, 
pavement) from a different point of view and helps to 
raise awareness about geoheritage and cultural heritage 
(Kubalíková et al. 2020; Baucon et al. 2020),
4) tracing the use of building stones on different buildings 
contributes to historical knowledge (Bonomo et al. 2019; 
Marengo et al., 2019),
5) building stone itself and extraction sites—quarries, 
pits, and mines (including the history and way of extrac-
tion) may represent an inseparable part of the urban her-
itage or a bridge between natural and cultural heritage 
and it serves as an excellent resource for geotourism and 
geoeducation (Robinson 1982; Pica et al. 2018; Gajek 
et al. 2019; Polck et al. 2020)
The case study from Brno (Czech Republic) presents 
examples of building stones used in the city with an empha-
sis on Crinoidea Limestone and Old Red Conglomerate and 
Sandstone. It proves that building stone should be considered 
a bridge between natural and cultural heritage as it presents 
numerous mutually interconnected aspects, including the spe-
cifics of the deposits and extraction sites, geoconservation 
aspects, history of mining, use of the stone in architecture, 
its importance within archaeological and historical research, 
its reflection in toponyms, the role of the quarries in urban 
development (e.g. emergency colonies—groups of unof-
ficially built small houses inhabited especially by workers 
situated e.g. in abandoned quarries), and last but not least, 
the role of the stone in the identity of the city. Based on the 
research and evaluation of selected extraction sites, geotourist 
and geoeducational activities are designed with an emphasis 
on the complex promotion of natural and cultural heritage. 
Proposals for the activities which could be available even 
during the times of social distancing are also outlined.
Methods
The research on geotourism and geoeducational use of build-
ing stone in Brno is based on the multidisciplinary approach. 
It combines the Earth-science research (literature and map 
review, fieldwork, site-oriented research, and assessment of 
the sites) with humanities (e.g. history, archaeology) research 
(a detailed study of archives, literature, historical documents, 
analysis of old illustrations and photos). To a limited extent, 
the outcomes of technical methods are used as well (espe-
cially concerning the use of building stone at sacral build-
ings). Moreover, the extraction sites were assessed by using 
geomorphosite concept. For the evaluation, a method proposed 
by Reynard et al. (2016) was used. This method (including 
its modified versions) has been verified in several studies and 
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successfully used on different types of sites, including the geo-
cultural ones (Boukhchim et al. 2018; Kubalíková et al. 2019, 
2020). To every criterion, a value from 0 to 1 is attributed. The 
site that acquires ten and more points is considered relevant 
for geotourism development, respectively suitable for in-situ 
geotourist and geoeducational activities.
Based on this, specific geotourist and geoeducational activi-
ties are proposed: (1) educational and tourist activities in-situ, 
based on the fieldwork, literature review, historical, architec-
tonical, archaeological research, and site assessment (guided 
walks, thematic geotrail, educational programme), (2) edu-
cational and tourist activities ex-situ (preparation of didactic 
materials, supporting information leaflets or various forms of 
on-line presentation that can be used both for education and 
“tourist” activities in the time of social distancing (e.g. Sto-
ryMaps, web pages, specific map layers that may be added to 
the GIS of Municipal Office of the Brno City, presented on the 
web pages of Tourist Information Centre of Brno or distributed 
to the local schools).
Study Area
Brno city lies on the contact of two large geological units: 
Bohemian Massif and Western Carpathians. This implies high 
lithological and morphological diversity and reflects a very 
complicated geological history.
The basement is formed by Neoproterozoic rocks of Bru-
novistulicum (metabasalts, granodiorites), which represent 
the oldest units within the study area (Hanžl et al. 2019). The 
Palaeozoic cover is represented especially by Devonian Basal 
Clastic (conglomerates and sandstones) and limestones. Also, 
the sedimentary rocks of Carboniferous and Permian age occur. 
Mesozoic cover in the study area consists of Jurassic limestones. 
The youngest material deposited in the area is represented by 
Neogene sands and gravels especially of marine origin and Qua-
ternary loess and fluvial sediments (Müller and Novák 2000).
The geological sketch of the area is presented in Fig. 1, 
where the main deposits of building stone, namely, Crinoidea 
Limestone and Old Red Conglomerate and Sandstone is 
marked.
Results: an Integrative Approach 
to Building Stone as a Basis for Geotourism 
and Geoeducation
Old Red Conglomerate and Sandstone
Brief Characteristics
The thick, siliciclastic unit that typically mantles the Neo-
proterozoic crystalline rocks of Brunovistulicum has been 
described as the “Devonian Basal Clastics “ or Moravian 
“Old Red “ in the Czech geological literature (Nehyba 
et al. 2001). Similar sedimentary rocks (“Old Red Sand-
stone”) occur in different parts of Europe, such as in Great 
Britain (Kendall 2017), Ireland (Fairey et al. 2018) or 
Norway, respectively Svalbard (Piepjohn and Dallmann 
2014).
These reddish to purple coarse-grained clastics are 
interpreted as the deposits of an alluvial fan built up 
mainly by catastrophic sheetfloods. The provenance of 
the deposits was heterogeneous and geologically varied: 
main sources were probably granites and gneisses, other 
components were derived from rhyolites, older siliciclastic 
sediments, and low-grade metamorphic rocks (Buriánek 
et al. 2013; Nehyba et al. 2001). Material probably came 
from peneplenized terrain from which it was subsequently 
transported over a longer distance or previously depos-
ited sediment was resedimented. Estimated thickness 
probably exceeds 100 m (Buriánek et al. 2013). Nehyba 
et al. (2001) describes the paleoenvironmental aspects 
of the genesis of basal clastics and identifies five facies 
on a model area of Červený kopec: (1) Facies A: pebbly 
conglomerate rhythmically interstratified with planar beds 
of parallel laminated pebbly sandstone (most distinctive 
and frequent, prevailing), (2) Facies B: medium to coarse-
grained gravely sandstone with cross or planar stratifica-
tion (very limited extent), (3) Facies C: clast-supported 
conglomerates, ungraded, massive to crudely parallel bed-
ded (very limited extent), (4) Facies D: medium to coarse-
grained, granular or pebbly sandstone with coarser clasts 
concentrated near the base of the bed (limited extent), (5) 
Facies E: red mudstone or very fine sandstone, massive 
or parallel laminated (extremely rare, occurs as interbeds 
within previous facies). From the architectonical point 
of view, Facies A can be considered the most important 
(Mrázek 1993). The reddish to purple colour of the rock 
is caused by the presence of iron oxides and hydroxides in 
the matrix and indicate warm and dry climate in the time 
of formation (Nehyba et al. 2001).
Deposits
Two main deposits of the Old Red were identified in the 
study area and both are described in the Database of geo-
logical localities of the Czech Geological Survey (Czech 
Geological Survey 2020). Červený kopec (Fig. 2a) is partly 
protected as an Important Landscape Element according to 
Act n. 114/1992 Coll. (one exposure situated on the private 
land) and Žlutý kopec (Fig. 2b) is entirely protected in the 
same category. Both sites have the character of abandoned 
quarry with a limited occurrence of natural outcrops, how-
ever, it is not possible to clearly state which is natural and 
which has been modified by human activity.
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History of Extraction and Use
Old Red Conglomerate and Sandstone (Fig.  2c) were 
extracted already in prehistoric times. In the Early Middle 
Ages (eleventh century), the extraction became important as 
a resource for sacral buildings (Mrázek 1993). The extent 
and exact position of the quarry on Žlutý kopec in the Mid-
dle Ages is questionable, but at the map of Stable Cadastre 
 (19th Century), the quarry is already registered. Quarrying 
reached its greatest extent in the second half of the nine-
teenth century. Both materials were also extracted on the 
northern slope of Červený kopec (Kamenná čtvrť – “Stone 
District”). The quarrying is also already registered on the 
maps of the Stable Cadastre and the deposit was extracted 
until the beginning of  20th Century (Kuča 2000). To a lim-
ited extent, the extraction continued in adjacent quarries 
until 1942 (Polák 1956).
In prehistory and the early Middle Ages, Old Red Con-
glomerate and Sandstone were used mainly for the rein-
forcement of furnaces and hearths (Mrázek 1993). During 
Romanesque epoch, the sacral buildings started to be con-
structed from local building stone. Old Red was used at two 
Fig. 1  Geological scheme of 
Brno city including the sites of 
extraction of Crinoidea Lime-
stone and Old Red Conglomer-
ate and Sandstone (source map: 
Czech Geological Survey 2020)
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oldest documented sacral buildings of the Brno City: rotunda 
from the  11th Century in the courtyard of the Old Brno Mon-
astery (still existing, but inaccessible for public) and basis 
of the rotunda on Vídeňská Street which did not survive up 
to  13th Century (Merta and Sedláčková 2013; Zapletalová 
2017). Other sacral buildings, on which the mentioned rocks 
were fully utilised, are the oldest phase of the church of St. 
Peter, especially its oldest crypt (Unger and Procházka 1995; 
Dvořák 1997) and Church of St. Giles in Brno-Komárov 
(Dvořák 1997).
The Old Red was also used on several extinct churches 
(usually, only basis were preserved and often destroyed 
by construction activity, however, rescue archaeological 
research was undertaken): Old Brno Church of St. Prokop; 
first mention 1243, extinct 1785 (Zapletalová and Peška 
2005), Church of All Saints at Lochenberg; first mention 
1260, extinct 1645 or Chapel of St. Nicholas built probably 
at the end of  13th Century, demolished in 1870 (Merta et al. 
2000). During the first half of the  13th Century, Old Red 
started to be used for secular buildings: it can be found at 
Old Town Hall, eastern part of Špilberk Castle, city walls 
(Mrázek 1993; Dvořák 1997; Kolařík 2007) or Mintmas-
ter’s Cellar, in fact, the cellar of the house of the Old Brno 
Cistercians, probably from the first half of the  14th Century 
(Holub et al. 2003). Old Red was also used for the masonry 
of common houses up to beginnings of the  20th Century 
(Procházka 2000; Zapletalová and Peška 2005). Currently, 
the material is well visible at terrace walls of the park in 
Denisovy sady from the  19th and  20th Century (Fig. 2d), in 
the Streets Husova and Pellicova or at the houses on the 
Biskupská Street (Fig. 2e). These examples illustrate the 
importance of Old Red Conglomerate and Sandstone for 
the architectonical development of Brno City and take part 
at its typical appearance.
Fig. 2  a Červený kopec extrac-
tion site, b Žlutý kopec—out-
crop protected as Important 
Landscape Element, c detail 
of Old Red Conglomerate 
(corresponding to Facies A), d 
use of Old Red Conglomerate 
and Sandstone on the terrace 
walls of Denisovy sady Park, 
e use of conglomerate at com-
mon municipal buildings at 
Biskupská Street, f a view on 
the worker’s colony Kamenka, 
protected as cultural monument, 
g reflection of the colour of the 
rocks in toponyms: Červený 
kopec means Red Hill. All 
photos by authors.
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Other Cultural Aspects
Emergency Worker’s Colony Kamenka in the Old Red Quarry 
of Červený Kopec On the bottom of the abandoned quarry 
on the northern slope of Červený kopec, an emergency col-
ony started to be built on the turn of  19th and  20th Century. 
Emergency colonies in Brno were usually built on the places 
which were not suitable for other purposes (either industry 
or agriculture). This was a result of the economic crisis as 
many people could not pay rents in the rental houses. Small 
houses without any urbanistic plan (chaotic urban develop-
ment) were constructed by employees of Kohn’s brickworks 
that was situated on the southern slope of Červený kopec 
(Kuča 2000). As the bottom of the quarry is not directly the 
rock surface, but there is up to 15 m thick layer of weathered 
material, waste and other artificial deposits and the area was 
influenced by quarrying for a long time, the stability is ques-
tionable (slope instabilities, rock fall) (Krejčí 2019).
The worker’s colony Kamenka (also Kamenná čtvrť 
which means “Stone District”) is the largest workers’ colony 
in Brno, which at the same time has best preserved its char-
acter of emergency housing and a special urban arrangement 
(Fig. 2f). Thanks to this, it is protected as Cultural Monu-
ment (Národní památkový ústav—National Heritage Insti-
tute 2020). Currently, it represents an original place with a 
very strong genius loci and has become a favourite destina-
tion both for local people and tourists.
Toponyms The character of building stone, respectively 
the geological and geomorphological conditions of the sites 
where the Old Red was extracted, is reflected in toponyms 
(Fig. 2g): Červený kopec means Red Hill and it refers to the 
colour of the conglomerate and sandstone. In this area, there 
are numerous street names that refer to geodiversity (red 
rocks or rocky terrain): Kamenná Čtvrť (Stone District), Pod 
Červenou Skálou (Under the Red Rock), Kamenná (Stony 
Street). The toponym of Žlutý kopec (Yellow Hill) is rather 
confusing. The elevation is also being built by Old Red con-
glomerate, but on the eastern slopes, thick layers of loess 
were deposited during Quaternary and quarried since Mid-
dle Ages—that is the reason why the Hill is called “Yellow”.
Poetry Žlutý kopec as a distinctive elevation with specific 
natural conditions and rich history inspired several artists to 
include this extraordinary site in their poems. Petr Bezruč 
(1867–1958), a Silesian poet who lived for a long time in 
Brno, wrote the poem “Stužkonoska modrá” (The Blue 
Underwing) and Ivan Blatný (1919–1990), a native of Brno 
and a member of Skupina 42 (group of poets who signifi-
cantly influenced Czech post-war poetry) mentioned Žlutý 
kopec in his collection Melancholické procházky (Melan-
cholic walks) (Brno Poetic 2020).
Crinoidea Limestone
Brief Characteristics
Jurassic carbonate sediments in the study area are relics of 
the large carbonate platform covering the east of Moravia. 
This platform probably communicated with the Jurassic plat-
form in northern Bohemia through the sea strait. Signifi-
cant facial variability of carbonates in the territory of Brno 
points to its morphological diversity. Brno’s Jurassic carbon-
ate rocks were deposited in the shallow water environment 
where the biogenic, oolitic, and pelmikrit limestones prevail. 
To a lower extent, coral reefs are also developed (Tomanová 
Petrová 2014). The limestone is paleontologically important, 
according to Gregorová (2001), the first paleontological find-
ings were discovered during the  19th Century. In practise, all 
significant groups of Jurassic (Oxfordian) marine fauna are 
included, e.g. crinoids, cephalopods or decapods (Gregorová 
2001; Müller and Novák 2000; Hyžný et al. 2015).
Jurassic carbonate rocks were traditionally divided into 
four types (Czech Geological Survey 2020, Tomanová 
Petrová et al. 2014): (1) Fine-grained micrit, biomicrit, and 
pelmicrit limestone, (2) Coarse-grained stony breccia lime-
stone that was deposited in the margins of carbonate plateau 
(approximately 30 m), (3) Crinoidea Limestone (approxi-
mately 4 m thick) deposited in a shallow-water environment, 
(4) Fine-grained micrit limestone with biogenic material 
(12 m thick). All these limestone types contain flints. Dif-
ferent facies of Jurassic limestone can be found on Hády 
quarry, where it represents the material deposited in the shelf 
lagoon environment. From the architectonical point of view, 
Crinoidea Limestone can be considered the most important 
(Mrázek 1993).
Deposits
The sedimentary rocks of Jurassic age have been preserved 
at several outcrops especially on the southeastern part of the 
city, namely, Stránská skála, Bílá hora, Hády, and Švédské 
valy (the last one does not exist anymore). Generally, Juras-
sic limestone is buried under the Neogene and Quaternary 
sediments (Czech Geological Survey 2020; Tomanová 
Petrová et al. 2013; Buriánek et al. 2013).
The denudation relic of Jurassic limestone at Stránská 
skála (Fig. 3a) was significantly transformed by human 
activity (quarrying, digging underground tunnels) and cur-
rently it is difficult to say which landforms are of natural 
origin (sinkholes) and anthropogenic origin. According to 
Mrázek (1993), small quarries date back to the Middle Ages. 
Thanks to its high morphological diversity (denudation relic, 
significant outcrops, quarries, exposed rock surface, karst 
features—both superficial and underground), and specific 
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lithological conditions, the site offers numerous ecosystem 
services (Kubalíková 2020). The quarrying stopped in 1925 
and temporarily renewed during 1940–1944 (Polák 1956). 
Currently, the site is protected as National Natural Monu-
ment according to the Act n. 114/1992 Coll. (Agency for the 
Nature Conservation of the Czech Republic 2020).
Bílá hora (in older literature Nová hora—Polák 1956), 
another denudation relic, is situated west of Stránská skála. 
On the southern slope, numerous outcrops of dolomitized 
limestone can be found. The abandoned quarry on the foot-
hill is paleontologically and stratigraphically important and 
was extracted until 1930, but currently, the access is limited 
as it is situated on the private land (Czech Geological Survey 
2020; Buriánek et al. 2013).
The exposure on the Hády quarry represents a denuda-
tion relic which was deposited directly on the Devonian 
limestones and was extracted together with them. It is well 
observable from the lower bench of the Hády quarry and 
the border between Devonian and Jurassic limestones is vis-
ible even from more distant parts of Brno city (Tomanová 
Petrová et al. 2013).
A specific deposit of Jurassic limestone was extracted 
on Švédské valy, significant paleontological locality (Müller 
and Novák 2000). According to Polák (1956) the quarrying 
dates back to Middle Age and quarry was still in operation 
in the 1950s, but then, the deposit was quickly mined and 
currently, on the surface, there is no remnant of any lime-
stone outcrop.
Fig. 3  (a) Jurassic limestone 
outcrop at Stránská skála 
extraction site, b detail of the 
Crinoidea Limestone, c use of 
Crinoidea Limestone on Parnas 
Fountain on Zelný Trh Square, 
d use of Crinoidea Limestone 
at Old Town Hall portal, e 
decorations of the entrance 
gates are stored in municipal 
museum, f one of the demol-
ished city gateways built of 
Crinoidea Limestone—Jewish 
Gate. Photos by authors (a, b, c, 
d), pictures taken from Mrázek 
1993 (e, f).
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History of Extraction and Use
The extraction of flints at Stránská skála is confirmed by 
archaeological findings from about 45,000 years ago—flints 
were used for mature chipped industry (Bartík et al. 2019; 
Škrdla and Plch 1993). The exploitation of Crinoidea Lime-
stone (Fig. 3b) is younger and dates back probably to the end 
of the  12th Century (Zapletalová 2020). This was proved by a 
relationship with built heritage—two churches within Brno 
city where the Crinoidea Limestone was used (St. Kunhuta in 
Zábrdovice and St. Giles in Komárov). Based on the detailed 
historical-architectonical research, it was confirmed the 
provenance of building material at these churches. Crinoidea 
Limestone from Stránská skála or Švédské valy was used for 
the St. Giles Church in the second phase of its architectonic 
development (Dvořák 1997). The character of the material 
corresponds to the material extracted in the early years after 
opening the quarry—it is partly affected by weathering and 
has a light yellow colour (in opposite, the raw Crinoidea 
Limestone is rather white). St. Kunhuta Church (the date 
of the consecration of the church 1211, beginning of the 
construction is possible already in 1201–1202) also pos-
sesses some Crinoidea Limestone features. Knowledge of 
architectonical use of Crinoidea Limestone contributed to 
the knowledge of historical and architectonical development 
of these churches (Zapletalová 2020).
Consequently, the research on the use of Crinoidea 
Limestone also helps to the clarification of the date of the 
opening of the quarries at Stránská skála or Švédské valy. 
Traditionally, it was supposed to be on the beginning of the 
thirteenth century (Mrázek 1993), however, thanks to the 
architectonical and historical research, it can be assumed 
that the quarries could be opened already on the turn of 
the twelfth and thirteenth century or at the end of the  12th 
Century (Zapletalová 2020).
Concerning the use of Crinoidea Limestone, shortly after 
opening the quarries at Stránská skála and Švédské valy, 
it became an important building stone for Brno Mediaeval 
architecture (Mrázek 1993; Dvořák 1997). Thanks to its 
qualities (hardness, resistance to climatic conditions, and 
easy processing), it became favourite and used for numer-
ous buildings (both sacral and secular) including the decora-
tion features. The most distinctive are Parnas Fountain on 
Zelný trh Square (Fig. 3c), Old Town Hall’s portal (Fig. 3d), 
Zderad’s Column, and decoration of the entrance gates to the 
city—today, they do not exist with an exception of Měnínská 
Gate; the decorations from the demolished gates (Fig. 3e, 
3f) are stored in the municipal museum (Mrázek 1993). Cri-
noidea Limestone was used both as building stone (walls of 
St. Peter and Paul’s Cathedral, terraces of Denisovy sady 
Park, and Špilberk Castle) and decoration stone (see exam-
ples above). Other examples (e.g. architectonical elements 
on various portals, window and door lining, decoration in 
the Špilberk castle—sedilias, vaulting, and fine sculpture) 
were presented by Mrázek (1993). Selected cultural func-
tions (both linked to the extraction sites and use of material) 
were presented and discussed by Kubalíková et al. (2019) or 
Kubalíková (2020).
Based on the above mentioned, it can be stated that Cri-
noidea Limestone can be treated as a heritage stone for Brno 
and its surroundings. For this, further research should be 
carried out and in the future, there is a possibility of consid-
ering the application of Heritage stones (IUGS 2020).
Other Cultural Aspects
A Contribution to the Scientific Knowledge Deposits of 
Jurassic limestone are important paleontological locali-
ties where numerous species have been described. Stránská 
skála has become the typical site for Moravian palaeontol-
ogy, both Jurassic and Quaternary (Gregorová 2001; Musil, 
1995; Boriová et al., 2019). Also, there is a contribution to 
the paleogeographical research, however, this is linked espe-
cially to the geomorphological aspects of Stránská skála and 
Bílá hora and not directly to the building stone (Kubalíková 
2020).
Archaeological research on Stránská skála brought many 
new insights and knowledge with regard to Palaeolithic 
settlements (Valoch 1995; Svoboda and Bar-Yosef 2003), 
including the evidence of the first use of fire in centroeuro-
pean area (Přichystal and Strnad 1995).
Anthropogenic Landforms—Links to Industrial Herit‑
age Thanks to the existence of underground karst features 
at Stránská skála, this extraction site was temporarily used 
for industry. During World War II, it was decided that the 
factory Flugmotorenwerke Ostmark would be moved to the 
underground. Several hundred metres of tunnels were dug 
and partly, natural cavities were used (Mrázek 1993). Later, 
they were used as bombshelters and civil defence objects.
Toponyms Bílá hora means White Mountain (in fact, it is 
not mountain, but hill) which refers to the white colour of 
limestone.
Poetry Stránská skála inspired the poet Karel Blažek (born 
1948). His poem “Ze Stránské skály” (From Stránská skála) 
refers to the ancient settlements and hunters who lived at this 
extraction site 45, 000 years ago (Brno poetic 2020).
Assessment of Extraction Sites
There are six important sites where the Crinoidea Limestone 
and Old Red Conglomerate and Sandstone were extracted 
(Fig. 1). The assessment of the sites is presented in Table 1.
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Four extraction sites reached the score of 10 points and 
higher, thus, they can be considered suitable for the devel-
opment of geotourist and geoeducational activities in-situ. 
Červený kopec and Žlutý kopec generally acquired high sci-
entific values and added values. Other criteria were assessed 
as average, however, in the case of Červený kopec, the safety 
and threats obtained a lower score, so this has to be taken 
into account when planning the activities.
Concerning the assessment of extraction sites of Cri-
noidea Limestone, only two sites acquired score higher than 
ten points. Both Hády and Stránská skála have high scien-
tific and added values, the educational values also reached 
a high score. Tourist infrastructure on both sites is com-
parable. According to the assessment, the extraction sites 
Bílá hora and Švédské šance cannot be considered suitable 
sites for geotourist and geoeducational activities in-situ. Bílá 
hora has lower scientific and added values and moreover, its 
educational values are rather average. Švédské šance is a 
specific site, not suitable for in-situ activities as the Earth-
science phenomena are not existing there. However, it can 
be used as a reference site for ex-situ activities to accompany 
the information about the history of mining and palaeonto-
logical research.
Geotourist and Geoeducational Activities Based 
on the Integrated Approach to Natural and Cultural 
Aspects of Building Stones
The research on building stones in Brno city has numer-
ous aspects and generally, it can be divided in two main 
directions: extraction sites and use of material itself. Con-
sequently, the research is linked to the different aspects as 
can be seen in Fig. 4. The research on sites of extraction 
contributes to the Earth-science knowledge (including geo-
logical mapping), sites themselves are important as wildlife 
habitats. Abandoned quarries often form an inseparable part 
of city’s panorama, they may be an inspiration for arts and 
can represent a part of natural heritage (or geoheritage). 
Research on the use of material contributes to the historical 
knowledge, the material used as building or decorative stone 
forms identity and cocreates the typical appearance of a city, 
architectonical features, and sculptures where the material 
is used can represent a part of cultural heritage. Both sites 
of extraction and use of the material can be treated as an 
important aspect of local mining and industrial history and 
agents that influenced urban development. Likewise, both 
entities can serve as an important resource for (geo)tour-
ism and (geo)education or environmental education which 
encompasses geography, biology, and history with possible 
overlaps to other subjects and domains. Integrative approach 
to the heritage protection and conservation comes out the 
fact that both sites of extraction and architectonical features 
where the material is used may be a part of heritage (both 
natural and cultural).
Specific monuments and buildings where these two dis-
tinctive building stones were used are included in the Brno 
Centre Geotrail (available at https:// ticbr no. cz/ sites/ defau lt/ 
files/ downl oad/ ticbr no- neziva- priro da- en- web. pdf), namely, 
the stop 1—St. Peter and Paul Cathedral (diversity of build-
ing stone), stop n. 5—Pellicova Street (use of local material), 
and partly stop 7—Gazebo on Špilberk (panoramic view on 
Brno including several extraction sites, geomorphological 
settings). The detail of the terrace wall in Denisovy sady 
Park, which was used as a cover photo for geotrail leaflet 
Table 1  Assessment of extraction sites in the study area
Values/Site Červený kopec Žlutý kopec Hády Stránská skála Bílá hora Švédské šance
Scientific value Integrity and current status 0.75 1.00 1.00 1.00 0.75 0.00
Rarity 0.75 0.50 1.00 0.75 0.50 0.50
Representativeness 1.00 1.00 1.00 1.00 0.50 0.00
Paleogeographical significance 0.75 0.50 1.00 1.00 0.50 0.50
Added value Ecological value 0.00 0.50 1.00 1.00 0.50 0.00
Cultural value 1.00 0.25 0.25 0.50 0.25 0.75
Aesthetic value 1.00 0.75 0.75 1.00 0.50 0.00
Tourist value Accessibility 0.75 1.00 0.50 1.00 0.75 0.75
Safety 0.25 1.00 0.50 0.75 0.75 0.75
Tourist infrastructure and facilities 0.75 0.75 0.75 0.75 0.50 0.00
Visibility 0.75 1.00 1.00 1.00 0.50 0.00
Conservation value Legislative protection 0.50 0.50 1.00 1.00 0.75 0.00
Current threats 0.50 0.75 0.50 0.75 0.50 0.00
Educational value Interpretive facilities 0.50 0.50 1.00 1.00 0.25 0.00
Educational interest 0.75 0.75 1.00 1.00 0.50 0.25
Total geotourist value 10.00 10.75 12.25 13.50 8.00 3.50
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reflects the diversity of the building stone of Brno (Fig. 5). 
The colours of two iconic materials for Brno’s Mediaeval 
architecture—red conglomerate or sandstone and white Cri-
noidea Limestone match with colours of the city. The extrac-
tion sites of Hády, Stránská skála, Červený kopec, and Žlutý 
kopec are also presented on the web pages of the Tourist 
Information Centre as tourist attractions of the city (Tourist 
Information Centre of Brno 2020). Several extraction sites 
(Stránská skála, Hády, Žlutý kopec) are presented in a leaf-
let “700 million years beneath our feet”, which has been 
prepared together with Brno Municipal Office and which 
promotes geoheritage of the city. Currently, the leaflet is 
available in Czech, German and English.
The topic of building stone and related aspects are 
implemented in didactic materials “Geodiversity in Brno 
city” which are focused on the links between geodiversity, 
natural and cultural heritage and are suitable for the stu-
dents between 13 and 18 years (two last stages at secondary 
schools and high school). These materials represent a core 
of a 2-h educational programme which includes both ex-
situ activities (presentation, exhibition of rock samples) and 
in-situ activities on suitable extraction sites and buildings 
where the Crinoidea Limestone and Old Red Conglomerate 
and Sandstone were used.
Concerning the activities which could be available even 
during the times of social distancing, further work is focused 
on the creation of a StoryMap which would tell a story not 
only of Crinoidea Limestone and Old Red Conglomerate and 
Sandstone, but it would also include the Devonian limestone 
from Hády (including coral “marble” which is used on the 
Obelisque at Denisovy sady Park), metabasalts extracted at 
Petrov and Špilberk, Neogene sands and gravels extracted at 
the southern part of the city or Quaternary loess (important 
relationship to the built heritage, extinct brickyards which 
are reflected in toponyms etc.).
In the future, based on the research and complex assess-
ment of extraction sites, on-site activities and facilities are 
going to be processed including preparation of guided excur-
sions for public or leaflets about the iconic building materi-
als. This is going to be prepared in cooperation with organi-
sations which take care of legally protected sites in the study 
Fig. 4  Selected aspects of build-
ing stone research (source: own 
processing)
Fig. 5  The front page of Brno Centre Geotrail leaflet (available at 
https:// ticbr no. cz/ sites/ defau lt/ files/ downl oad/ ticbr no- neziva- priro da- 
en- web. pdf). The colours of the building stones (Crinoidea Limestone 
and Old Red Conglomerate and Sandstone) on the terrace wall of 
Denisovy sady Park match with the colours of the city (red and white)
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area (namely, Agency for Nature Conservation of the Czech 
Republic and Brno Municipal Office) and Tourist Informa-
tion Centre which promotes tourist attractions in the city.
These activities can serve as complementary for tradi-
tional school learning (according to the curricula in subjects 
such as geography, biology, history, or ecology) and support 
a multidisciplinary approach in learning and project teach-
ing. As these activities partly take place outside, the impor-
tance of outdoor learning can be also emphasised.
Conclusions
This case study proved that natural and cultural heritage are 
closely linked and that research on building stone as well as 
an integrative view on the heritage concept can bring new 
insights and perspectives into the interpretation of natural 
and cultural heritage in a given area. In the case of Brno 
city, the integrative view and multidisciplinary research on 
building stone (1) contributed to the historical knowledge 
and clarification of the historical dating, (2) enabled to see 
the building stone as an intersect of cultural and natural 
heritage (respectively geoheritage) which encompasses dif-
ferent aspects (architecture, industrial heritage, toponyms, 
geological and geomorphological settings, and literature), 
(3) together with extraction sites assessment, it served as a 
basis for geotourist and geoeducational activities. The mul-
tidisciplinary approach to the topic of building stone has 
immense importance for further research directions, promo-
tion, environmental education, and other activities that can 
contribute to the holistic view on this important resource and 
can help to accept the conservation measures, related both 
to natural and cultural heritage.
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